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Description 

[METHOD FOR CONTROLLING 

LINEWIDTH IN ADVANCED 
LITHOGRAPHY MASKS USING 
ELECTROCHEMISTRY] 

Background of Invention 

[0001] The present invention relates generally to semiconductor 
device processing and, more particularly, to a method for 
controlling linewidth in the manufacture of advanced 
lithography masks using electrochemistry. 

[0002] Lithography is a well known technique for applying pat- 
terns to the surface of a workpiece, such as a circuit pat- 
tern to a semiconductor chip or wafer. This technique has 
the additional advantage of being able to faithfully repro- 
duce small and intricate patterns. Traditional optical pho- 
tolithography involves applying electromagnetic radiation 
to a mask having openings formed therein (i.e., a trans- 
mission mask) such that the light or radiation that passes 



through the openings is applied to a region on the surface 
of the workpiece that is coated with a radiation-sensitive 
substance (e.g., a photoresist). The other type of potential 
next generation lithography (NGL) mask is an extreme ul- 
traviolet lithography (EUVL) mask. The EUVL mask works 
by reflecting and absorbing the incident radiation. For 
both type of masks, the mask pattern is reproduced on 
the surface of the workpiece by removing the exposed or 
unexposed photoresist. 
[0003] The capabilities of conventional lithographic techniques 
have been severely challenged by the need for circuitry of 
increasing density and higher resolution features. The de- 
mand for smaller feature sizes has driven the wavelength 
of radiation needed to produce the desired pattern to ever 
shorter wavelengths. Moreover, the International Technol- 
ogy Roadmap for Semiconductors (ITRS) for both optical 
and next generation lithography (NGL) masks projects a 
steady decrease in both the mean critical dimension (CD) 
and mean-to-target allowance on the mask. Currently on 
90 nanometer (nm) masks, the CD mean-to-target is 7.2 
nm for alternating masks and 9 nm for attenuating masks, 
while for the 45 nm node it decreases to 3.5 nm. Although 
write systems and etch technologies are expected to im- 



prove for the 45 nm node and beyond in order to make 
attaining this target more feasible, it is nonetheless a very 
difficult target to meet. Currently, feedforward and feed- 
back control systems are being used in wafer processing 
to correct for CD variations. However, in mask production, 
mask quantities are much smaller and thus the feedback 
approach is not feasible. Typically, if a mask does not 
meet the CD mean-to-target, the mask is scrapped and a 
new mask is put into production. Not only is this expen- 
sive due to the cost of the raw materials and processing 
time, but turn around time is also significantly impacted. 
[0004] As the technology nodes get smaller and smaller, these 
effects become even more important as the materials and 
processing costs become even higher and the degree of 
difficulty in manufacturing the masks increases dramati- 
cally. Accordingly, it would be desirable to be able to alle- 
viate this problem by enabling the salvaging of the masks 
that would otherwise have been scrapped for linewidths 

that are larger than the mean-to-target. 
Summary of Invention 

[0005] The foregoing discussed drawbacks and deficiencies of 
the prior art are overcome or alleviated by a method for 
controlling the linewidth of a feature formed within a 



lithography mask. In an exemplary embodiment, the 
method includes electrochemically depositing an additive 
material on exposed sidewalls of an etched first layer of 
the mask, wherein the top of the etched first layer remains 
covered by a hardmask used during the etching of the 
first layer. A second layer beneath the etched first layer is 
resistant to the electrochemical deposition of the additive 
material thereupon. 

[0006] | n another aspect, a method for controlling the linewidth 
in an extreme ultraviolet lithography (EUVL) mask includes 
electrochemically depositing an additive material on ex- 
posed sidewalls of an etched absorber layer of the mask, 
wherein the top of the etched absorber layer remains cov- 
ered by a hardmask used during the etching of the ab- 
sorber layer. A buffer layer beneath said etched absorber 
layer is resistant to the electrochemical deposition of the 
additive material thereupon. 

[0007] | n st j|| another aspect, an extreme ultraviolet lithography 
(EUVL) mask structure includes a multilayer (ML) reflective 
layer formed on a starting substrate, a buffer layer formed 
on the reflective layer, and an absorber layer formed on 
the buffer layer, wherein the absorber layer includes an 
electrochemically deposited additive material on exposed 



sidewalls during initial etching thereof. 
Brief Description of Drawings 



[0008] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the several Figures: 

[0009] Figures 1 through 3 illustrate an exemplary formation 
process of an extreme ultraviolet radiation lithography 
(EUVL) mask, in which the resulting critical dimension of 
particular features of the mask exceed the desired target 
value; and 

[0010] Figures 4 and 5 illustrate a method for controlling 

linewidth in advanced lithography masks using electro- 
chemistry, in accordance with an embodiment of the in- 
vention. 
Detailed Description 

[0011] The trend toward shorter wavelengths has also required 
the development of a different type of mask because of 
the fact that extreme ultraviolet (EUV) radiation, i.e., radi- 
ation in the spectral region between 10 and 15 nm, is 
generally strongly absorbed by condensed matter. Thus, 
efficient lithography using EUV radiation requires the use 
of reflective optics. Consequently, a mask useful for 
lithography employing EUV has a unique architecture, 



characterized by a reflective multilayer coating deposited 
onto a highly polished defect-free substrate. A patterned 
absorber layer is disposed on the surface of the reflective 
multilayer coating. The multilayer (used to make the sub- 
strate reflective at EUV wavelengths) is composed of alter- 
nating layers of EUV-reflective material. A typical multi- 
layer coating, or stack, may be a 40-layer pair of metallic 
molybdenum (Mo) and silicon (Si) with a periodicity of 
about 7 nm. The mask substrate having a multilayer stack 
disposed thereon is commonly referred to as the mask 
blank. 

[0012] The present disclosure is directed toward salvaging those 
masks (such as EUVL masks) that fail to meet the CD tar- 
get. More specifically, the salvaging process is focused on 
masks that have CDs greater than the targeted critical di- 
mension by decreasing the linewidth of all features on the 
mask through the use of electrochemical and/or electro- 
less deposition. In addition, area-specific deposition could 
be implemented on a macroscopic scale, wherein specific 
macroscopic regions could be electroplated without af- 
fecting the remainder of the mask. The electrochemical 
deposition selectively plates onto the sidewalls of the ab- 
sorber material to decrease the linewidths of the mask 



features, and would not plate on any of the other mask 
films due to the selectivity of the deposition. The mask 
film stack is chosen to optimize the electrochemical plat- 
ing process while still maintaining the necessary optical 
properties of the mask at the required exposure wave- 
length. 

[0013] Accordingly, disclosed herein is a method for controlling 
linewidth in the manufacture of advanced lithography 
masks through the utilization of electrochemistry (e.g., 
electrochemical deposition and/or electroless plating) (the 
abbreviation ECD refers to both the deposition and plating 
method) as an additive build process. An electrochemical 
reaction involves the transfer of electrons through a 
chemical reaction from one species to another. In the 
electrochemical deposition, electrons are supplied from an 
external source, such as an electrical power supply, 
whereas in electroless deposition, the exchange of elec- 
trons comes from the actual chemical reactants. Through 
either of these processes it is possible to selectively grow 
a thin film on the sidewalls of the absorber without de- 
positing the films on the buffer and hardmask layers. 

[0014] Referring initially to Figure 1, there is shown a cross- 
sectional view of the fabrication of an exemplary reflec- 



tive, extreme ultraviolet lithography (EUVL) mask 100. As 
is shown, the EUVL mask 100 includes a starting substrate 
102, which may include any substrate that can handle 
subsequent fabrication processes and is typically made of 
a material having a low thermal expansion, such as, for 
example, ULE , an ultra-low expansion titanium silicate 
glass made by Corning Corporation of New York. Formed 
upon the substrate 102 is a multilayer (ML) reflector layer 
104 that generally includes multiple layers of material 
with alternating index of refraction for providing a reso- 
nant reflectivity when the period of the layers is approxi- 
mately one half the wavelength of the radiation used in 
the imaging system. 

[0015] a number of different combinations of reflective and 

transmissive materials may be used for the ML reflector 
layer 104. In one implementation, the materials used in 
the reflector layer 104 are molybdenum (Mo) and silicon 
(Si), which are alternately layered at thicknesses of about 
2 to 12 nm, to create a ML reflector thickness of about 50 
to 500 nm, for example. Collectively, the formation of the 
ML reflector layer 104 upon the starting substrate 102 is 
also known in the art as a mask blank. 

[0016] Next, a buffer layer 106 is formed upon the ML reflector 



layer 104 using any suitable technique such as physical 
vapor deposition or sputtering. The technique is per- 
formed at a temperature selected to avoid modification to 
the underlying ML reflector 104. The buffer layer 106 may 
be made of any material (such as tantalum nitride (TaN), 
silicon dioxide (SiO^, carbon (C) or ruthenium (Ru), for 
example) that serves as a stop layer or an etch profile 
controller, so long as the buffer layer 106 protects the 
underlying ML reflector 104 during subsequent mask 
etching and repair while also ensuring that etched pat- 
terns in the absorber layer are clean and substantially ver- 
tical. Furthermore, the buffer layer 106 should be easy to 
selectively remove or etch. The thickness of the buffer 
layer 106 is mostly determined by absorber etch selectiv- 
ity to the buffer material, repair etch selectivity to the ML 
reflector, and optical inspection contrast. In one imple- 
mentation, the buffer layer 106 has a thickness ranging 
from about 30 to about 50 nm. 
[0017] An absorber layer 108 is then formed on the buffer layer 
106, wherein the material used for the absorber layer 108 
is absorptive of radiation at the wavelength used in the 
imaging system, and can be selectively etched. The ab- 
sorber layer 108 may be made of any material or compo- 



sition that meets these criteria, such as, for example, 
nickel (Ni), a cobalt nickel alloy (CoNi), tantalum (Ta), tan- 
talum nitride (TaN), and tantalum boron nitride (TaBN). 
The thickness of the absorber layer 108 is also mostly de- 
termined by the radiation absorption of the material used 
for this layer. 

[0018] a dielectric hardmask layer (e.g., an oxide of silicon) 110 
is then formed over the absorber layer 108 to be used for 
subsequent patterning of the absorber layer 108. As fur- 
ther shown in Figure 1, a resist layer 112 is patterned with 
the desired features to be subsequently transferred to the 
absorber and buffer layers. Figure 2 illustrates the trans- 
fer of the resist pattern into the hardmask layer 110 by, 
for example, an etch process using a fluorine based 
chemistry. Then, another etch is used to transfer the pat- 
tern from the hardmask layer 110 to the absorber layer 
108, as shown in Figure 3. This process may be, for ex- 
ample, a Ni etch using an Ar/O^/O^ chemistry (sputter 
etch) or a CO/Nh^ chemistry (chemical etch). 

[0019] As stated previously, an inspection following the absorber 
layer etch might reveal that the critical dimension of the 
mask features is greater that the target value. However, 
rather than simply scrapping the EUVL mask and starting 



over, a corrective process may be implemented to provide 
added material on the sidewalls of the absorber layer 108, 
such that the desired critical dimension is attained. To 
this end, Figure 4 illustrates a method for controlling the 
linewidth of a feature formed within a photolithography 
mask, in accordance with an embodiment of the invention. 
As is shown, an ECD process is used to deposit a thin film 
114 of additive material on the sidewalls of the absorber 
layer 108. The thin film 114 may be formed by either 
electroless deposition or electroplating, wherein (in either 
case), the absorber material acts as the oxidant. By leav- 
ing the etched hardmask layer 110 in place during the 
ECD process, no material is grown on the top of the ab- 
sorber layer 108. This is desired since any height added to 
the EUVL absorber layer 108 will lead to poor printing re- 
sults due to a shadowing effect. Moreover, no film is de- 
posited on either the buffer layer 106 or the hardmask 
layer 110 since neither material would be capable of ac- 
cepting the electrons. 
[0020] The deposited thin film material 114 from an electroplat- 
ing bath may be nickel, for example. Due to the properties 
of the chemical reaction, the Ni will not deposit onto a 
TaN buffer layer or a SiO hardmask. In addition to nickel, 



other commercially available ECD baths include, but are 
not limited to: platinum (Pt), ruthenium (Ru), palladium 
(Pd), cobalt (Co), and cobalt tungsten (CoW). However, 
each of these baths would be used in conjunction with an 
absorber film different than Ni. Regardless of the plating 
material used, it will be appreciated that the process is 
controlled in a manner so as not to overgrow the amount 
of sidewall film material 114Finally, as shown in Figure 5, 
the hardmask layer 110 is removed and the absorber layer 
108 (with the newly added sidewall film material 114) is 
used to pattern the corrected features that are subse- 
quently etched into the buffer layer 106. Thus, for exam- 
ple, the etched opening 116 in between adjacent portions 
of the buffer layer 106 is narrower than would be the case 
had the etching been carried out using the dimensions of 
the original pattern etched into the absorber layer 108 
(Figure 3). 

[0021] Although the exemplary embodiments discussed herein 
are particularly suited for processing of EUVL masks, the 
electrochemical additive process could also be applied to 
the repair of linewidth/CD defects found in optical lithog- 
raphy photomasks, so long as the material used for the 
opaque layer in the mask structure is compatible with a 



suitable electroless or electrochemical bath that will de- 
posit material thereupon. Again, examples of suitable 
opaque layers include, but are not limited to Ni, Ni alloys, 
Co alloys, Pd, Pt, etc. 
[0022] while the invention has been described with reference to a 
preferred embodiment or embodiments, it will be under- 
stood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. 
In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the in- 
vention without departing from the essential scope 
thereof. Therefore, it is intended that the invention not be 
limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but 
that the invention will include all embodiments falling 
within the scope of the appended claims. 



